INTRODUCTION
Multiple copies of the Ul RNA gene are present 1n all organisms 1n which these genes have been studied (1) (2) (3) (4) (5) (6) .
In birds and mammals the genes are not present 1n an obvious repeating unit (1) (2) (3) , although the possibility of a large repeated unit cannot be ruled out for humans since the genes Isolated thus far are virtually Identical 1n both the 5' and 3' flanking regions (4) .
The human U2 genes are organized 1n a large repeated unit (7) . In chickens the Ul genes are not tandemly repeated (8) and the rat Ula genes and mouse Ulb genes are also not present 1n a tandemly repeated unit (5, 6) . In Xenopus some of the Ul genes are present 1n tandemly repeated units (9, 10). The Xenopus repeat units Identified thus far each contain two Ul genes which code for Ul
RNAs with different sequences (10) . There are also other Ul genes in Xenopus which are not present 1n the major tandemly repeated units (11) .
The expression of the Ul genes in Xenopus 1s regulated during development (9, 11). There 1s developmentally regulated expression of the mouse Ul RNAs as well (12) . The Ulb RNAs are expressed 1n early mouse development and in many tumor lines but not 1n many terminally differentiated cells (12) or in fibroblasts (13) . Whether or not the different Ul RNA sequence variants are functionally different 1s not known.
During development of the sea urchin embryo there are many changes 1n the expression of genes coding for nuclear components, Including the histones (14) and the nuclear lamins (15) . There are dramatic changes 1n the rates of expression of the small nuclearRNA genes as well (16) . We have previously reported that most of the genes coding for Ul RNA are present 1n a 1.4kb
tandemly repeated unit 1n the sea urchin U_ variegatus (17) . One copy of the Ul gene is present 1n each repeating unit. The repeat unit 1s defined by s1ngleH1nd III andHincII sites flanking the gene, and a Bglll site Inside the gene. We also reported that there were at least two different members of the repeat defined by differences 1n restriction sites 1n the region 3' to the Ul gene (18) . We report here the Isolation and structure of a member of the second 1.4 kb repeat class. As predicted from the restriction maps the major differences between the two repeats He 1n the region 3' to the Ul gene.
One phage Isolated from a gene library contains both types of repeat units indicating that at least some of the two types of repeat units are Interspersed. Utilizing the fact that the regions 3' to the Ul gene are transcribed 1n Isolated nuclei from sea urchin embryos (19) , we show that both of these repeats are expressed 1n blastula embryos at rates proportional to the gene number. The sequence of the Ul RNA found 1n the sea urchin egg is Identical with the sequence predicted from these repeat units, consistent with the possibility that these genes are also active during oogenesis.
MATERIALS AND METHODS
Isolation and sequence of_ pLvU1.2. Sperm DNA from L_ variegatus was digested with Hindi 11 and DNA fragments 1.2-1.6 kb 1n length were Isolated by agarose gel electrophoresis. These were cloned into the Hindi 11 site of pUC9. The white amp1c1ll1n resistant colonies were screened using the nick-translated Nuclei were prepared from blastula embryos just after hatching as described by Morris and Marzluff (22) . Nuclei were Incubated 1n the presence of o<-32 P04 CTP for 30 minutes at 25° and RNA was prepared as previously described (22) . The RNA was hybridized with the single-stranded M13 DNA probes from both pLvUl.l and pLvU1.2 immobilized on nitrocellulose. The filters were washed, exposed to X-ray film and the hybridized RNA detected by radioautography.
RESULTS
Previously we reported the Isolation from L. variegatus sperm DNA of a 1.4kb fragment derived from a tandemly repeated unit containing Ul RNA genes. The sequence of this fragment has been reported (18) . Using this fragment to probe the Ul RNA gene organization 1n L^ variegatus we discovered that there were at least two types of 1.4 kb Hi ndl11 repeat units, which differed 1n several restriction enzyme sites, and that the gene we had Isolated was characteristic of the minor repeat, about 20% of the total (18) . We therefore have screened 1200 additional colonies containing plasmids with 1.2-1.6 kb Hindlll fragments and have isolated a second plasmid, pLvU1.2, containing a Ul gene. The restriction map of this plasmid was consistent with it being a member of the major U^ variegatus Ul repeat. Base 1 1s the first base of the Ul RNA. The Hindi 11 site 1s from -446 to -441 (Ul.l) and from -419 to -414 (U1.2) The RNA sequence 1s 1n bold face and the polypyr1m1d1ne tract at the borders of the homologous regions 1s underlined. The sequences are aligned to give maximum homology with the minimum number of Insertions and deletions. This comparison has substantial overlap at both the beginning and the end to better show the breaks 1n homology regions. The negative numbers Indicate the distance 5' to the Ul RNA and the positive numbers distance 3 1 of the Ul RNA. The places where the sequences differ are marked with an *.
Comparison of the two repeat units Figure 1A shows the restriction map and Figure IB the sequence of the pLvlll.2 Insert compared with the previously reported pLvUl.l. The pLvlll.2 insert contains 1356 nucleotides, 42 nucleotides shorter than pLvUl.l. There 1s a striking non-random pattern of divergence between these two repeat units. The region 5' of the Ul gene, Including the Hindlll site and 100 bases further 5' 1s highly conserved (>95X) between the two genes. The major differences in this region are two deletions 1n the pLvU1.2 clone which largely account for the difference 1n length between the two clones. This region 1s bordered by a pyr1m1d1ne rich sequence 1n both clones.
The homology between the two repeats ends just 3' of the CAAAGAAAGAAAA sequence 3' of the gene which may be part of the signal for proper 3' end formation (19) . Up to this point the two clones are Identical, including the 15 bases between the end of the Ul RNA and the CAAAGAAAGAAAA sequence, except for a single change at nucleotide 131 1n the Ul RNA. The two repeats are highly divergent from the CAAAGAAAGAAAA sequence to the pyrim1d1ne rich region which marks the end of the 5' region of homology. There are small regions within the 3' sequence which retain some homology, but the repeats have clearly diverged greatly with both nucleotide changes and Insertions and deletions having occurred 1n the 3' spacer region. This 1s the region where sequence difference were predicted from the Southern blots of genomic DNA using different restriction enzymes (18) . Some of the Ul.l and U1.2 units are Interspersed
Using the Ul coding region as a probe, we screened aAphage gene library constructed by partial Sau3A digestion of sperm DNA. Among the 37 phage isolated was one which we have Identified as an end fragment of a tandemly repeated cluster. Partial sequence of two of the 1.4 kb Hindlll fragments revealed that one of these had the 3' flanking sequence characteristic of the Ul.l repeat unit and the other the 3 1 flanking sequence characteristic of U1.2 (F1g. 2). There are several base substitutions 1n each sequence which are presumably polymorphisms, but the basic sequence of each one 1s clearly recognizable. Thus the two types of Ul repeats are closely linked. It 1s not known whether this 1s a characteristic of the end fragments of the repeat or whether they are Interspersed 1n a uniform pattern. Both the genes are transcribed j^ sea urchin embryos
Since the two types of repeat units code for the same RNA, 1t 1s difficult to assess whether they are each expressed. RNA polymerase II transcribes Into the 3' flanking regions of most genes and transcription of Individual members of a gene family can be measured by measuring transcription of the flanking region 1n Isolated nuclei (23) . We have previously shown that nuclei isolated from sea urchin embryos actively transcribe the Ul RNA (22) genes. Using a DNA-dependent system we have shown that transcription extends 3' of the gene in vitro (19) .
The evidence presented below suggests that 1n Isolated sea urchin nuclei transcription proceeds 3' to the Ul gene at least some of the time.
Since the regions 3 1 of the two Ul RNA genes differ dramatically we reasoned that transcription of specific genes might be measured by measuring transcription of these regions. The subclones shown 1n F1g. 3A were constructed from pLvUl.l and pLvU1.2. The probes are derived from regions just 3 1 of the gene which are transcribed 1n vitro 1n a DNA-dependent system (19) .
When RNA synthesized 1n isolated nuclei was hybridized to the singlestranded probes, the results shown 1n F1g. 3B were obtained. There was hybridization to the coding strand, but not the non-coding strand of each gene. There was more hybridization to the pLvU1.2 clone than to the pLvUl.l clone, 1n agreement with the relative number of copies of each type of repeat unit 1n the U_ variegatus genome (18). The RNA sequence 1s a composite of several Independent sequences. Note that position 123 1s a G/A 1n the gastrula sequence shown, but was an A 1n the egg sequence and could be unambiguously read as an A 1n other egg and gastrula sequences (not shown). Position 122 was reprodudbly a mixture of C and U.
gastrula embryo should be characteristic of that of the RNA synthesized 1n morula and blastuia, the time of the most Intense Ul RNA synthesis (16) . The sequence was obtained using a synthetic oligonucleotide complementary to the 3' end of the RNA. The oligonucleotide was end-labeled and then hybridized with total egg RNA or with total nuclear RNA from gastrula embryos. The hybrids were Isolated and extended with AMV reverse transcMptase 1n the presence of dideoxynucleotides. The four reactions were analyzed by gel electrophoresis and the RNA sequence read directly from the gel (F1g. 4A).
The sequence of all but 3 nucleotides of the Ul RNA (except for the region complementary to the primer) could be determined 1n this way (F1g. 4B).
Occasionally there were places where the reverse transcriptase paused, presumably due to secondary structure or base modifications, and the sequence at that nucleotide could not be determined. There are other places where reprodudbly there were two lanes which contain bands at a particular position, which may represent heterogeneity 1n the RNA sequence. For example, at position 122 there 1s reprodudbly (6 different sequences with 3 different RNA preparations) both a C and a U In the RNA sequence while both genes code for a C at this position (F1g. 4A). This suggests that other Ul genes 1n L. variegatus will have a T In this position. At other positions (e.g. 118, 123 and 128 1n the gels shown for the gastrula RNA) there was apparent heterogeneity 1n some sequences but 1n the majority there was only a single nucleotide. The sequence of the egg Ul RNA 1s Identical with that of gastrula Ul RNA 1n all the positions determined (Fig. 4B ).
The sequence of the Ul RNA matches that of the Ul.l clone with a G at position 131 and no hint of an A at this position found 1n the U1. These genes code for an RNA which Is Identical 1n sequence to the Ul RNA In both the egg and gastrula nuclei. Both of these genes are expressed during the Intense period of Ul synthesis 1n the sea urchin embryo, as judged by transcription of the divergent 3' flanking regions 1n Isolated nuclei from sea urchin embryos. The finding that transcription extends 3 1 to the Ul gene 1n
Isolated nuclei may not necessarily reflect what happens In vivo. Recent evidence suggests that In the mammalian Ul genes 3' end formation occurs coincident with transcription, possibly as transcription termination (24, 25) . Transcription Into the flanking region 1n Isolated sea urchin embryo nuclei may reflect Inefficent 3' end formation, transcription which continues after 3' end formation or a difference between mammalian and sea urchin Ul RNA genes. Since the Ul coding regions are essentially the same, the observed transcription Into the 3' flanking region allows us to conclude that sorae members of both of these types of repeat units are transcribed 1n bias tula embryos.
Both these repeats may also both be expressed 1n oogenesis, another 
